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Abstract
Background: Children seem to be more susceptible to deleterious effects of air pollution related to respiratory functional parame-
ters as compared to adults and thus quite perceptively assessment of these pathological changes among children is necessary. The
present study aimed to assess the effects of air pollution on respiratory functional parameters among primary school children in
Tehran, Iran.
Methods: This cross - sectional survey was performed on 102 children aged less than 12 years studying at a primary school in Tehran
in 2015. At two time points with healthy and unhealthy air conditions (December 2015 and May 2016), all eligible children were
evaluated with respect to respiratory functional parameters (FEV1, FEV1/FVC, FVC, PEF, FEF25 - 75) using a spirometer.
Results: There were significant differences in respiratory some parameters including FEV1 (P = 0.013) and PEF (P = 0.003) between
the two times of respiratory assessment, no difference was found in some others such as FVC, FEV1/FVC and FEF25 - 75.
Conclusions: Air pollution can be harmful for respiratory functional status in children by reducing FEV1 and PEF parameters.
Keywords: Spirometry, FEV1, PEF, Air Pollution, Pollutants
1. Background
The link between air pollution and human health has
been studied (1, 2). Especially in children and young ado-
lescents, the association between air pollution and higher
likelihood of mortality and morbidity has been paid more
attention to (3) due to the fact that children have differ-
ent physiological respiratory system, smaller average lung
size and higher respiratory reactions to pollutants (4). It
seems that children are more susceptible to air pollutants -
induced airway inflammation leading to reduction of lung
capacity (5). Also, pollutants may stimulate and activate ox-
idative stress pathways, reduce host defenses against mi-
crobial species, disrupt respiratory surface permeability
and alter cell signaling activity pathways (6). In fact, ex-
posure to toxic compounds in air such as carbon monox-
ide may induce respiratory hypoxic responses leading to
more morbidity and even mortality among young chil-
dren (7, 8). Totally, it seems that children are more sus-
ceptible to deleterious effects of air pollution related to
respiratory functional parameters as compared to adults
and thus quite perceptively assessment of these patho-
logical changes among children is necessary. The present
study aimed to assess the effects of air pollution on respi-
ratory functional parameters among primary school chil-
dren Tehran, the capital of Iran.
2. Methods
This cross - sectional survey was performed on 102 chil-
dren aged less than 12 years studying at a primary school in
Tehran in 2015. All children with chronic disorders, history
of atopy, or history of inflammatory or infectious disorders
were not included into the study. The initial phase of study
was done in December 2015 with unhealthy air quality sta-
tus with the following characteristics: particulate matters
less than 2.5 microns and 10 microns respectively (65), par-
ticulate matters less than 2.5 microns (Air quality index
or AQI = 126), sulfur dioxide (AQI = 33), nitrogen dioxide
(AQI = 67), ozone (AQI = 20), and carbon monoxide (AQI
= 60) that was obtained from meteorological station. At
two time points, all children were evaluated with respect
to respiratory functional parameters (FEV1, FEV1/FVC, FVC,
PEF, FEF25 - 75) using a spirometer (Spirolab. Italy). For
statistical analysis, results were presented as mean± stan-
dard deviation (SD) for quantitative variables and summa-
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rized by frequency (percentage) for categorical variables.
To assess in study parameters across the two time points,
the paired t test or Wilcoxon test was used. P values of ≤
0.05 were considered statistically significant. For the sta-
tistical analysis, the statistical software SPSS version 16 for
windows was used.
3. Results
The baseline characteristics of study participants are
presented in Table 1. The average age of children was 9.28±
2.39 years and the mean body mass index was 19.86± 4.61
kg/m2. Table 2 summarizes the results of respiratory func-
tional parameters at the two time points with healthy and
unhealthy air conditions. There was significant differences
in some respiratory parameters including FEV1 (P = 0.013
and CI 95%: lower = - 0.27 and upper = - 0.03) and PEF (P =
0.003 and CI 95%: lower = - 0.71 and upper = - 0.15) between
the two times of respiratory assessment, however no differ-
ence was found in some other parameters such as FVC (P =
0.052), FEV1/FVC ratio (P = 0.256), and FEF (P = 0.153).
Table 1. Baseline Characteristics of Children
Variable Mean SD Minimum Maximum
Age (year) 9.28 2.39 9 12
Weight (kg) 42.28 12.93 20 75
Height (cm) 144.80 9.34 123 172
Bodymass index (kg/m2) 19.86 4.61 12.02 33.33






FVC 2.77± 0.73 2.61± 0.61 0.052
FEV1 2.34± 0.56 2.18± 0.47 0.013
FEV1/FVC 85.4± 7.13 84.4± 7.06 0.256
PEF 4.18± 0.93 4.61± 1.23 0.003
FEF 2.44± 0.66 2.33± 0.66 0.153
4. Discussion
Our study shows significantly reduction of some func-
tional parameters of the lung such as FEV1 and PEF in air
pollution status as compared with healthy air condition.
Respiratory function is an important health parameter in-
dicating long - term survival of the patients. Fortunately,
respiratory function is measured objectively and not in-
fluenced by measuring bias. Since gaseous pollutants and
fine particles in the air are inhaled through the nose and
mouth, airways are at risk for air pollutants. Of all pollu-
tants, nitrate oxide and particulate matters have especial
importance due to their deleterious effects on cardiovascu-
lar or respiratory - related morbidity and mortality. It has
been shown that inhalation of NO2 can increase the secre-
tion of mucus and progression of disease in asthmatic pa-
tients. In some studies, significant difference was revealed
in respiratory parameters such as FEV1 at healthy and un-
healthy air conditions (9, 10). According to reduction of
FEV1 in air pollution status, the harmful condition of air
pollutants on health status can be demonstrated especially
in those with obstructive pulmonary disorders. This study
also showed that PEF was significantly lower in polluted air
status in children. The peak expiratory flow or PEF, also
called peak expiratory flow rate is a person’s maximum
speed of expiration that is very useful for therapeutic mon-
itoring of respiratory status in those patients with tidal re-
strictions. Some studies have indicated reduction of PEF
while concentrations of pollutants especially particulate
matters less than 2.5 microns are in higher level (11, 12). This
change has also been found in sick children (13), but we
showed the changes also in healthy children. However, we
did not find significant changes in FVC, FEV1/FVC ratio, or
FEF 25% - 75%. The last parameter is related to small airways
that are not affected by particulate matters.
Nowadays despite all the measures taken to improve
air conditions in large cities, air pollution remains a main
health problem, and due to its adverse effects on humans
in long term that leads to undesirable results, it is appro-
priate to prevent adverse effects of air pollution as far as
possible by public training through the media, optimal
use of equipment such as gas masks, and desirable stan-
dard covers that reduce the risk of respiratory hazards.
4.1. Conclusion
Air pollution significantly affects the airways of chil-
dren especially the medium - sized airways. This effect has
been shown by reduction of FEV1 and PEF in higher level
of air pollution. In this study we were not able to measure
the influence of each pollutant on PFT parameters. For this
aim it needs to evaluate these parameters in several differ-
ent days.
References
1. Ghorani-Azam A, Riahi-Zanjani B, Balali-Mood M. Effects of air pol-
lution on human health and practical measures for prevention in
Iran. J Res Med Sci. 2016;21:65. doi: 10.4103/1735-1995.189646. [PubMed:
27904610].
2 Iran J Pediatr. 2018; 28(2):e63588.
Hoseiny-Nejad N et al.
2. Wong CM, Vichit-Vadakan N, Vajanapoom N, Ostro B, Thach TQ, Chau
PY, et al. Part 5. Public health and air pollution in Asia (PAPA): a com-
bined analysis of four studies of air pollution and mortality. Res Rep
Health Eff Inst. 2010;(154):377–418. [PubMed: 21446215].
3. Schwartz J. Air pollution and children’s health. Pediatrics. 2004;113(4
Suppl):1037–43. [PubMed: 15060197].
4. Buka I, Koranteng S, Osornio-Vargas AR. The effects of air pollu-
tion on the health of children. Paediatr Child Health. 2006;11(8):513–6.
[PubMed: 19030320].
5. Kelly FJ, Fussell JC. Air pollution and public health: emerging
hazards and improved understanding of risk. Environ Geochem
Health. 2015;37(4):631–49. doi: 10.1007/s10653-015-9720-1. [PubMed:
26040976].
6. Araujo JA. Particulate air pollution, systemic oxidative stress, inflam-
mation, and atherosclerosis. Air Qual Atmos Health. 2010;4(1):79–93.
doi: 10.1007/s11869-010-0101-8. [PubMed: 21461032].
7. Pope C3. Epidemiology of fine particulate air pollution and human
health: biologic mechanisms and who’s at risk? Environ Health Per-
spect. 2000;108 Suppl 4:713–23. [PubMed: 10931790].
8. Landrigan PJ, Schechter CB, Lipton JM, Fahs MC, Schwartz J. En-
vironmental pollutants and disease in American children: esti-
mates of morbidity, mortality, and costs for lead poisoning, asthma,
cancer, and developmental disabilities. Environ Health Perspect.
2002;110(7):721–8. [PubMed: 12117650].
9. Rice MB, Ljungman PL, Wilker EH, Gold DR, Schwartz JD, Koutrakis P,
et al. Short-term exposure to air pollution and lung function in the
Framingham Heart Study. Am J Respir Crit Care Med. 2013;188(11):1351–7.
doi: 10.1164/rccm.201308-1414OC. [PubMed: 24200465].
10. Gotschi T, Sunyer J, Chinn S, de Marco R, Forsberg B, Gauderman
JW, et al. Air pollution and lung function in the European Commu-
nity Respiratory Health Survey. Int J Epidemiol. 2008;37(6):1349–58. doi:
10.1093/ije/dyn136. [PubMed: 18593748].
11. Singh V, Khandelwal R, Gupta AB. Effect of air pollution on peak
expiratory flow rate variability. J Asthma. 2003;40(1):81–6. [PubMed:
12699215].
12. Qian Z, Lin HM, Chinchilli VM, Lehman EB, Stewart WF, Shah N, et al. As-
sociations between air pollution and peak expiratory flow among pa-
tients with persistent asthma. J Toxicol Environ Health A. 2009;72(1):39–
46. doi: 10.1080/15287390802445517. [PubMed: 18979353].
13. Bagheri Lankarani N, Kreis I, Griffiths DA. Air pollution effects on
peak expiratory flow rate in children. Iran J Allergy Asthma Immunol.
2010;9(2):117–26. [PubMed: 20683106].
Iran J Pediatr. 2018; 28(2):e63588. 3
